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WATERPRO OFING ADDITiVE FOR CEMENT AND CONCRI= TP 
COMPRISING MODIFIED P02Z0LANIC MATERIALS 



Waterproofing is one of the most critical issues for the durability of concrete. The 
majority of concrete failures are attributed to the high pernieabflity and sorptvity of 
concrete against water penetraiidn and the Ingress of chloride or sulfate ions 
dissolved in the water, causing not only water leakage but also the con^osion of steel 
rebars and destructive expansion of the concrete. 

Silica fume, a by-product from the production of silicon or ferro-silicon alloys, is 
commonly used as a cement and concrete additive to produce corrosion-resistant 
concrete, concrete having improved mechanical properties or water-tight concrete 
(see. for example. US 4.118.242. US 4,310.486 and US 5.472.501). However, its 
disadvantages are poor workability and relatively high surface water absorption due 
to the capillary action of fine capillary pores which result In high sorptlvity of the 
concrete and therefore potential high chloride/sulfate build up at the splash and tidal 
zones of marine concrete structures. Furthemiore, the high Water absorption will 
result in a concrete which is water-tight but not damp-proof and will fail to meet the 
commonly used project specification of a water absorption of less than 1% of the 
concrete when it is tested in accordance with BS1881 : Part 122. 

Hydrophobic compounds, such as calcium stearate. silicon, wax or bihjmen emulsion 
are also commonly used as waterproofing admixtures of concrete, to impart a 
hydrophobic coating to the capillary surfaces as well as blocking some pores. 
However such compounds have the disadvantages of reduced compressive strength 
(typically 10-15% lower than the plain concrete) and reduced effectiveness under 
high hydrostatic head. 

Therefore, for a durable waterproofing concrete both low permeability and low 
absorption to water are sought. One solution Is to mak separate additions of silica 
fume and hydrophobic compound during the production of the concrete. However, 
this requires additional mbdng/dispersing and the hydrophobic compound is usually 
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Of the hydrophobic compound and H,e con^Bcated dosing proceduie make such a 
pnxedure rmp«c«ca. and u«conomical for use on ranslruction sites. « should also 
be noted that the emulsion can only, have limited use in cold envlronmenis l>ecagse 
* « genially not f™st resistant Fu,«,em«»e. tt» emulslfier may reduce u, 
hydrophobB action and cause excessi™ airenlralnment and loss of strength. 

Anomer app^ach Is disclosed in US 4.762.667. This descdhes the use of an 
3n,ph.phd«synthe.,cpol,me,dlspe.ionto,Bducewa,erabso^^ 

o«c-te. Synthauc po^mer dispersion Is «^ expens^e and has an advene 
«ffe=» on the compressive strong*, of the concrete. It Is not pmctical a™, has only 

*™^usage. '"^theiefore no. genera,^ used by the const™c«on Industry, or ia^ 
scale uraterproofing concrete ptoducUoa 

^-J^^tothepresentlnvendoof^moneaspecttherels^ 

"""ete. comprisir^ a. least on, pozzolanic matj 
>>>od»ied««h at leas, one hydrophobic material. "Wmatenal 

IThep^zolanic material pm,erab^„„prtsesoneo,mo,epoz»^^^ 

a^d m^T T"" or more of sHioa ft^e; mioosilica 

«d meteKaolin. The si,ca fume m^^ be densified orundensili«, a«ca fcrme. T,» 

™ao^^»p«,.mblyrefinedna.u.,m*««»:,a„disp.BfenU^amo,pho^ 
pamcuia^ preferred compositton Icr the po^obnic mateda. Is , milre o, silica 
and microsiilca. most p,efe«*ly in approximately equal amounts by weight. 

13h K ""^^ ™" <" a long Cham pamflinic add The 

lZh° " e*'. e* butyl steamte. The 

Oleic acid, a wax emubion. siloxane or a sllleon emulsion. 
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The or each pozzolanic constituent of the additive may be modified with one or more 
hydrophobic materials. Prefeired waterproofing additives are mixtures of at least one 
pozzolanic material (e.g. silica fume, microsilica or metakaolin) wfth at least one 
hydrophobic compound, or possibly two or more hydrophobic compounds of different 
types. The combination of such materials has been obsen/ed to enable better mixing 
and a freer flowing powder nature of the finished product, as well as increased shelf 
life thereof. 

The pozzolanic material is preferably modified by spraying and/or blending with th 
hydrophobic material, suitably in a high speed/shear mwer. The mixing operation 
preferably results in an intimate, and preferably substantially fully mfaced. mixture of 
the pozzolanic material and the hydrophobic matenal(s). 

The total weight of the hydrophobic materials) in the waterproofing additive is 
suftably in the range from 5 to 30% of the weight of the pozzolanic material, 
preferably 5 to 15% and most preferably around 10%. 

A particularly preferred composition is an approximately 1:1 mixture (by weight) of 
densified silica fume and microsnica modified with approximately 10% (by weight of 
the combined pozzolanic constituents) of butyl stearate. Another particulariy 
piefeired composition is metakaolin modified with approximately 10% (by weight) of 
butyl stearate. 

According to a second aspect of the present invention there is provided a cement 
mortar or concrete comprising a waterproofing additive according to the first aspect 
of the invention. The cement mortar or concrete preferably comprises an amount of 
the waterproofing additive such that the pozzolanic material of the additive is present 
in the cement mortar or concrete In an amount in the range from 5 to 15% of the 
v-eight of cement, and most preferably from around 8 to 1 0%. The cement mortar or 
concrete preferably has improv d water impemieablllty (suitably less than 10 mm 
after 28 days when measured in accordance with DIN 1048) and/or reduced vrater 
absorption (suitably less than 1% when measured in accordance with BS1881 : Part 
122). preferably whilst retaining acceptable compressive strength. Thus, the 
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-ratetproofing additive is preferably capable of acHng to improve the waterproofing 
Of cement mortar and/or concrete. 

According ,o a third aspect of tf,e present InvenUon the,« is p„«,ided a method of 
P-^paring a wa.en,roof„g addit^e for cement and/or corKrete. oomprtslng modifying 
a Pozzolanio material by spraying and/or blending with a hydrophobic matertal The 
step Of spraying and/or blending is perfomied using a high speed/shear mter 

According to a fourth aspect of the present Invention there Is provided a method of 
l«epanngcementmortarcr concrete compHsinamlxina cement, sand and water With 

manuiactured .n accordance with the third aspect of the invention. 

in^ C618. a pozzolan is denned as a siliceous and aluminous material which 
" ^. possesses ««e or no cementitious value but which wiTI, in tine^divided fbati 
" the presence of moisture, react chemically with calcium hydrje at 0.^1.^ 
•eo^eratUTB to fom, impounds possessing cementitious properfles. 

|n,™ invention Wl- new be described by way o,e«mpte only, with leierence 
to the following embodiments Which are llustrative and not limiting. 

EXAIWPLE 1 - Waterproofing for Cement Mortars 

n,e mixture propo,«ons of the cement mortars in this example are based on the 

^^Zjr"'^ ~ "^-P^oflng addKive : liquid 

«*.«plasl«=er m me ratio of 1 : 0.38 : Z61 : W..08 : 0.01-0.02 (by wel) 
The waterpmofing additive comprises a poz»lan,o ma J (Ig ^ 
-e. refined natu^l micmsil^ or meta.«olln, modif^d with a hydrophobic ledal 

TatCtl °' ^ "^'^ a* emufelon. siloxane 

or a sll^n emuls»n). Thus, in the waterproofing additive fte hydrophobic 

"mpound(s)arep,»videdlMegrallyw*hthepoz».anlcmatedal 
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The silica fume that was used was a commercially available product having a typical 
composition as shown in table 1 (with constituents indicated by weight in /o): 

Table 1: Typical Composition of Silica Fume 



Composition 


SiOj 


SO, 


C 


FeaO, 


CaO 


MgO 


NasO 


KzO 


Usual range 


85-95 


0.1-O.S 


1.0-6.0 


0.1^.4 


0.1-0.5 


0.1-1.0 


0.1-1.0 


0.1-1.0 


Typical 


90-94 


1.0 max 


3.0 max 


0.3 


0.3 


0.4 


1.0 max 


1.0 max 



Both densified silica fume (as supplied by Scancem IVIaterials Pty Ltd. Austrafia) and 
undensified silica fume (as supplied by Elkem Materials. Norway) are suitable. The 
typical density range for the densified silica fume is 500-650 kg/m^ and for 
undensified siltea fume is 250-400 kg/m'. 

The microsnica that was used was a refined natural amorphous siRca (as suppl'^ by 
Microsilica New Zealand Umlted, New Zealand). The typical composHion is given in 
table 2 (with constituents indicated by weight in %): 

Table 2: Typical Composition of Refined Natural Mlaosffica 



Composition 


SiOz 


SQs 


CI 


LCI 


Alkali content 


Bulk Density 


Typical 


90.8 


0.15 


0.001 \ 


2.2 


0.012 


700kg/m' 



The metakaolin that was used was a commercially available product produced by 
high temperature treatment of kaolin (as supplied by ECC International. UK or 
Engelhard Corporation. USA). The typical composition is given in table 3 (with 
constituents indicated by weight In %): 

Table 3: Typical Composition of MetakaoBn 



Composition 


SiOz 


AljOa 


F^Oa 


CaO 


MgO 




NaaO 


Typical 


52-55 


4042 


0.6-*.6 


0-0.1 


0.2-0.4 


O.fr-2.4 


<0.1 



The selected pozzdanlc materials were processed by spraying and blending with one 
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o, „,ore hydrophobic con,pou„ds in a high speed, high shear mixerto produce a 
surface modified waten^oofing addiUve for a™, concrete. The p»fe,™d 

hydrophobK: co„,pounds are buW stearate. caWun stearate or ofter ™,a«c soaps 
ofparafBn. acds which are convnonV used as waterp^fing addi6ves in me cemen, 
and concrete. O^er suih^te hydrophobic compound, include oleic acid J. 
emulsion, slloxane and Silicon emulsions, bu. With reduced effectiveness. ' 

Ca^n. mo^r mixtu^s in which a ^ge o, hydrophobica.^ modified pozzolanic 
^na.«.Hcemen..sa,«<.waterandsupe,p,as.,ci»rwe,e prepares 

toBS1881 .Part 122 at7 days, "n^ -osults (indud*^ result, for a contra, sampi! 
wm. none of the hydrophobfc material, are summarized for each o, 
Poaolanlo maleiials in tables 4. 5. 6 and 7. «n ot me chosen 
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Table 4: Test Results of Cement Mortar with Modified Densified Silica Fume 






uutyt 


Calcium 


Oleic 


Wax 




SHtoon 




None 


Stearate 


Stearate 


Add 


Emulsion 


Siloxane 


Emulsion 


Compressive 
Strength (MPa) 
















@ 1 day 


36.0 


35.0 


31.0 


24.0 


24.S 


17.5 


7,0 


@ 7 days 


63.5 


63.0 


54.0 


52.0 


49.0 


52.5 


46.0 


@2B days 


68.5 


70.5 


61.5 


70.0 


64.5 


71.0 


74.0 


Water absorp- 
















tion @ 7 days 
















(%) 


Z20 


0.58 


0.68 


1.94 


1.56 


1.55 


2.09 


Table 5: Test Results of Cement Mortar with Modified UndensMied SIfca 

ilirrimnhnliT 


— 

Fume 








Hutyl 


Caldum 


Oleic 


Wax 




SHIcon 


Compound' 


None 


Steaiate 


Steaiate 


AcM 


Emulsion 


Siloxane 


Emulsion 


compressive 
Strength (MPej) 
















@1 day 


36.0 


34.5 


31.0 


30.0 


35.0 


7.0 


3.0 


@ 7 days 


63.5 


68.5 


60.0 


66.5 


66.0 


62.0 


66.0 


@ 26 days 


68.5 


72.0 


66.0 


70.0 


*69.5 


75.0 


74.0 


Water absorp- 
















tion @ 7 days 
















(%) 


2.20 


0.65 


0.80 


1.41 


1.46 


1.43 


1.69 
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uuiyi 


Calcium 


Oleic 


Wax 




Silicon 


Compound 
Compressive 


None 


Stearate 


Stearate 


Acid 


Emulsion 




Emulsion 


Strength (MPa) 
















@ 1 day 


36.0 


36,0 


35,5 


29.5 


33.0 


1.5 


12.0 


@ 7 days 


66.5 


63.0 


59.5 


54.5 


62.0 


43.5 


54.0 


@28days 


76.0 


78.0 


73.0 


79.0 


71.0 


73.5 


76.5 


Wafer absorp- 
















tion @ 7 days 
















(%) 


2.12 


0.63 


0.79 


1.61 


1.70 


1.43 


2.04 



Tabl9 7: Test Results of Cement Mortar with Modified MetakaoOn 
liydrophobic ~ 



Butyl 



Calcium Oleic Wax 



°°"P°""^ None Stearate stearate Acid 
Compressive 
Strength (MPa) 

@ 1 day 33,0 

@ 7 days 62,5 

@ 28 days 65.0 
Water absorp- 
tion @ 7 days 

2.30 



Silicon 



Emulsion Sltoxane Emulsion 



32.0 


30.5 


33.0 


33.0 


1.0 


2.5 


63.0 


64.0 


65.0 


64.0 


60.5 


56.0 


67.5 


64.0 


71.0 


68.0 


71.0 


72.0 


O.SB 


0.63 


1.29 


1.42 


1.53 


1.66 



T^ab»ve study shows that the wa,en=roofi„g addttive can effecti«.y «,uc8 the 

aays compressive strength was observed in fert in 

"ujjtsrvea. in tact, in many cases increa&i>ri 

-^st^en^hwasohse^ed. The ,uc.u,«o„ Mhe st^^h data o,rZl 
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mortars was due to the different sources of cement available at the different times of 
testing. Therefore comparison should be restricted to within each group of tests 
Pozzolans modified wHh butyl stearate showed the best combined perfomiance In 
term of strength development and water absorption. 

Mar mortan, could be prepared using a mMure of more than one wa,en,roof.ng 
add,.^. More than „™ ^^„-^ ^^^^ 

niafenalsorwrth more than one hydrophobic material. 
EXAMPLE 2 - Watefproofing for Concrete 

^^H^'^r"^ in «s study densHied silca ft,me (as 

descnbed.„ detail in relation to example ,,,„odBed With 10% butyl stearate Other 

^ " (W=) 

tables 8 and 9. one table for each of the water : cement ratios. 

H^, '^"''^■'.as.ici^r (hfeh water ,educ»« ag J 

HRWF^, were commercially available mateHab. "n^ f^^ p,ope,«es and Lngth 
Of me «,ncre.e were tested acconJIng to the guidelines set », 8S ,881 T1« wir 
^»rp^tes.eda.7and^da,s-„acoo,da™»w«hBS1881:Pa.1^^ 
penehahon test was canied out at 28 days according to ASTM 1202. 
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Mixture Proportion 
OPC (kg) 
Sand (kg) 
Stone (kg) 
Water (kg) 

Modified Silica Fume (kg) 

HRWRA(Lyi 00 kg Binder) 
Results 




Table 8: Test Results of Concrete (water ; 
Materials 



420 
786 
1063 
151 

1.2 



399 
786 
1063 
151 

21 
1.3 



MSF-2 
at 10% 



378 
786 
1063 
151 

42 

^0 



Initial Slump (mm) 
Initial Setting Time (hrsrmin) 
Pmal Setting Time (hisrmin) 
Compressive Strength (MPa) 


155 
7;45 
9:35 


200 

Not tested 
Not tested 


200 

11;00 

13:16 


@ 1 day 
@ 3 days 
@ 7 days 
@ 28 days 
@ 56 days 


47.0 
64.0 
72.5 
76.0 
76.5 


35.5 
58.0 
70.0 

79.0 
84.0 


30.0 
53.0 
68.S 
78.0 
62.0 


water absorption (%) 
@ 7 days 
@ 28 days 

Waier penetration 


1.63 
1.60 


0.86 
0.76 


0.65 
0.59 


@28 days (mm) 

'^pw Chloride Penetration 


15.0 


3.0 


1.0 


@ 28 days (Coulombs) 


2889 


1130 


479 



ciipe-rmrrir ou 
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Table 9: Test Results of Concrete (water : cement = 0.45) 



Materials 


Plain 
(no MSF) 


MSF-1 
at 5% 


at 10% 


Mixture Proportion 








OPC (kg) 


380 


361 




Sand (kg) 


782 


782 


782 


Stone (kg) 


1057 


1057 


1057 


Water (kg) 


171 


171 


171 


Modified Silica Fume (kg) 




19 


38 


HRWRA (L/100 kg Binder) 


0.9 


1.2 


1.4 


Results 








Initial Slump (mrn) 


130 


140 


105 


Initial Setting Time (hrsrmin) 


5:30 


5:25 




Rnal Setting Time (hrs:mfn) 


6:45 


7:00 


7:25 


Compressive Strength (MPa) 








@ 1 day 


32.5 


31.5 


27.0 


@ 3 days 


49.5 


47.0 


44.0 


@ 7 days 


^ 57.0 


57.5 


56.5 


@ 28 days 


65.0 


68.0 


64.5 


@ 56 days 


65.5 


70.0 


69.5 


Water absorption (%) 








@ 7 days . 


2.28 


1.02 


0.78 


@ 28 days 


2.20 


0.99 


0.70 


Water penetration 
@ 28 days (mm) 


25.0 


6.0 


1.5 


Rapid Chloride Penefratton 
@ 28 days (Coulombs) 


2641 


1763 


712 



SUBSTITUTE SHPPT mm c 
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The results show that the compressive strength of the concrete modified with 5-10% 
of the particular waterproofing additive can be maintained or increased by up to 4% 
and 10% at 28 days and 56 days respectively. The water pernieabifity. water 
abson^tion and chloride pemneabBity are drastically reduced. Even at a water/cement 
ratio of 0.45 and an addition of 5% modified silica fume, the water penetration was 
only 6 mm. which is far below the 20 mm (average) penetration as specified in 
ENV206 for water impemieable concrete. The water absorption can also be 
controlled to below 1%. 

Different waterproofing additiyes. or mixtures of additives, as descnl^d for example 
1 could be used in preparing concrete as for this example. 

EXAMPLE 3 - Water Sorptivity of Concrete 

one of the addiOonal benefits of the novel waterpmofing additives described above 

«the reduced water soiptlvity Of the modified concrete. The sorptivity test is in fe^^ 
simllartothe surface waterabsoipliontesL The only difference is that the speclm n 
•n the case is not fully Immersed in water, instead only the bottom face of the test 
speamen Is placed In contact with water. In this way capHlary suction can be directly 
mually monitored by obsenrtng the height increase of the wetted areas or by 
measurementoftheweightgain. Thefollowing example demonstrates the sorptivity 
behaviour of the concrete under capillary forces. 

The concrete mixture proportions used for the test were the same as given in 
example 2 with 10% addition of modified silica fume. Additionally, a concrete Wth 
10% unmodified silica fume was prepared for comparison. The concrete was cured 
for 28 days and core samples having dimensions of 75 mm in diameter and 75 mm 
« height were taken. The samples were coated with an epoxy resin over the length 
of the longitudinal faces and were dried in an oven at 105-C for 3 days and cooled 
«adeslccatorfor1dayb forethetest. Thetestsp cim n was plac d In coirtact 
wrthwateratth bottom surface of the cylinder and the weight gain of the specimen 
was m asured after 30 and 60 minutes and 24 houre of water contact The 
specimens were split into two halves after 24 hours and the height of the w tied 
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areas were measured. The results are shown in table 10. 



Table 10: Comparison of Water Sorptivity of Plain Concrete. Sifica Fume Concrete 
wfth Modified Silica Fume 



and Concrete 



Concrete 
W/C Ratio 



Plain 
0.36 



0.45 



SF-Concrete 
0.36 0.45 



MSF-Concrete 
0.36 



Weight gain (g) 
@30min 


2.5 


4.2 


1.9 


3.9 


0.4 


1.0 


@ 60 min 


4.0 


7.5 


3.2 


5.9 


0.9 


1.9 


® 24 flours 


13.8 


22.6 


10.2 


17.6 


3.0 


5.1 


Heigtit of wetted area 














@ 24 flours (mm) 


51 


63 


38 


48 


4 


10 



tt« evdent «,a. H» son.«,% of sBca fume concrete Is sUll very high, due to tt» 
P««»e of fl« capi«an,pores. Tl* hydraphoblcally modined «1ica fume is highly 

«d-e me bu.d up of chloride ^ su.a.e »ncenfraf ons a. .he «da. and sptash 



c^lo pr^de an .mproved and eco«.m.ca, solu«o„ to p™duce hW.^ duraWe 
water ,mpem»able and damp^,„of concrete which ia aWe to ovemome the 

pCeahTr T """^ "W^-V High wator 

rrdtlt: T""*^"'^''"^^ 'twas 

-oh™c compos*on to meet «» water h.pem,eab«l,y of concete as specined in 
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ENV 206 and the water absorption of less than 10/ . 

" ^ ^» tested in accordance with BS1881 

: Part 122. 

As de.cnb«l in tt« examples above. po=o,a„ic materials are used as cartels for 
.he hydrophobic compourxis and fl^efore , prMmubHyhg I, no. necessary 
P™«oN,.subsUin«.lad«»,b«eover««p,torart. Th.poz»*.„ appears to act » 
Zr P'«<uc.s Of oemen. to torn, 

Itt r"^* """-^ -"<"he pon. eize of .he cemen. 

pasto^ sann, «„e «» absorbed hydrophobb compound is beHeved to rnigra-e 
^ «.e aw»ater Intorfece o, me concreto and tonn a hyd,op,K,b^ laye, «T 

concr^e sorfi^ and wals of «» capitery p«Bs «hlch form an effecfive banier 

r:"*"*"^- ^~^'^'«*^«'*^<.esc.*edaZ 
ha« b«o tound to provide a highly ad«n,ageous solution for pn^iding conZ 
w* b«h water impeoneable and damp^^ charactenstfcs. The 17^ 

u»ofs*cafu„,emcooc,etop™,uc.lon. m fac^ the ,»d<abiNty offiesh conlte 

»".a™g*esa«no«.w«e.p™^addl«vebasb^ 

«m«l s*ca 1^ concrete, as the h^rophcblo ««,pounds act as an 

**ncant far the cement paitides. m onemai 

H^TT '^ may Include ar^ feature orc«nbi„a«on of .eat«Bsdlselos«. 
h««« e*er ^pWtV or expliCIV or any genera<.atio„ thereof ^pectlve C 
^ « to the presently claimed im«„,io„, |„ ,ie„ of the Lgol,; 

may be made within the scope of the invention. 
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CLAIMS 

1. A wateiproofing additive for cement and/or concrete, comprising at least 
one pozzolanic material modified with at least one hydrophobic material. 

2. A waterproofing additive as claimed in claim 1. wherein the pozzolanic 
material comprises one or more of silica fume, microsilica and metakaolin. 

3. A waterproofing additive as claimed in claim 2. wherein the pozzolanic 
material comprises silica fume and microsilica. 

4. A waterproofing addiUve as claimed in daim 3. wherein the pozzolanic 
material comprises approximately equal amounts of sHica fume and microsUica by 
weight 

5. A waterproofing additive as claimed in any one of claims 2 to 4. wherein 
the silica fume is densified sBica fume. 

6. A waterproofir^ additive as claimed in any one of claims 2 to 5, wherein 
the microsilica is refined natural microsilica. 

7. A waterproofing additive as claimed in any preceding claim, wherein the 
hydrophobic material is a metallic or organic soap of a parafiinic acid. 

8. A waterproofing additive as claimed in any preceding claim, wherein the 
hydrophobic material is calcium stearate. 

9. A waterproofing additive as claimed in any of claims 1 to 6. wherein the 
hydrophobic material is an ester of a paraffinic acid. 

10. A waterproofing additive as claimed in any of claims 1 to 6. wh rein the 
hydrophobic material is butyl stearate. 
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11. '^"^te.pmofing additive as claimed in any of claims 1 to 6. wh«ei„ 
the hydrophobic mateifal is oleic add a wax emutei™, .T ."nerem 

=«: aora. a wax emutsnn, stexane or a silicon emulsion. 

oL . ^ "^"^"^ « 'n any p,ec«li„s claim, when*, the 

pozzolan. matenal is modiOed with at leaslh™ l,yd,ophobic maledals. 

oL, ■ " '•^""^ 'n any prBcadlng data, whe«l„ the 

P-^™= matena, . modi^ed .y spray^ ,„d*.r «end^ ^ 

1 S to ^7T^ a*««« as dalmed in any pr^edlng cbim. compris»,g 
from ,0 30^ oftotal hydrophobic mate,lal(s) t,y^h. o,«» pozzotanic matariar 

K a' T""^ as claimed In dah, 14. compd.ing aroo™, i«% 

Of total hydrophobic mafrlaKs) ..y weight «,he pozzolanio matertal. 



16. 

daimed in any preceding daim. 



A cement mortar or conc^te comprising a vaterproofing additive 



!L ,^'^**"'®"*"""*^^°^"~'eteasclaimedlnclaim16. 
15 ^ of the pozzolanic material by vye^ht of cement 



comprising from 5 to 



'^'=^""^""««aasclalmedi„claim16or17.havlnoawater 
a'^-P'.cn.nacconiance With BSWI: Part 122 Of less than 1«. 

19. A method of preparing a waterprooling additive for cement 
21 A m ««< o, pn^panng cement mor*.r or concrete comprising mixing 
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cement. sand and water with a waterproofing additive as claimed in any of claims 1 
to 15. 
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